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Abstract
Dense Al2O3-based composites with dispersed BaTiO3 particulates were fabricated by using spark plasma sintering (SPS) at sin-
tering temperatures between 1100 and 1500 C with a heating rate of 100 C/min. High-density of BaTiO3–Al2O3 with various
compositions could be achieved by SPS at lower sintering temperatures compared to those by conventional pressure-less sintering
(PLS). However, full densiﬁcation was prevented by the onset of abnormal grain growth in Al2O3–BaTiO3 composites sintered by
SPS. It was found that SPS process could accelerate the abnormal grain growth due to the activation and puriﬁcation of particle
surface. The addition of BaTiO3 in Al2O3 matrix improved fracture toughness of the composites fabricated by both SPS and PLS.
The highest fracture toughness of 6.04 MPa.m1/2 was achieved in the composite sintered by SPS process with 5 mol% BaTiO3, while
that of the monolithic Al2O3 was about 4.0 MPa.m
1/2.
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1. Introduction
Since ceramic materials have various advantages to
demonstrate their functions, there are many potential
applications. However, ceramics are brittle and show
catastrophic fracture. The objective of many researches
concerned with structural ceramics is the development
of materials with high reliability. The toughening
approach attempts to create microstructures that result
in suﬃcient fracture resistance. In addition, intelligent
materials with self-sensing function, self-eﬀecting
function, etc. have been widely studied.1
The ferroelectric material has an interesting mechan-
ical–electrical coupling properties.2,3 The electric ﬁelds
can inﬂuence the fracture toughness of ferroelectric
material. For example, polarized ferroelectrics exhibit
anisotropic fracture toughness. The material is tougher
for a crack parallel to the poling direction but less tough
for a crack perpendicular to it.2 When an electric ﬁeld is
applied to polarized ferroelectrics, a positive ﬁeld
reduces its fracture toughness but a negative ﬁeld
enhances it. In the past few years, Niihara and his col-
leagues have proposed ferroelectric-based nanocompo-
sites with high strength and toughness, such as PZT/Pt,4
BaTiO3/MgO
5 and BaTiO3/SiC.
6 Many researchers
have extensively investigated their excellent mechanical
properties and also electrical properties such as dielec-
tric constant and the Curie temperature. Since the strain
change due to the electro-magnetic ﬁeld is a physical
reaction, piezoelectric-particle-dispersed ceramics would
have an advantage that strain sensing function can be
directly obtained through measuring the electric ﬁeld.
Chen and his colleagues have proposed a novel
approach to toughening of ceramics, where piezoelectric
secondary phases were introduced into the matrix such
as BaTiO3/Al2O3,
7 BaTiO3/3Y-TZP,
8 Nd2Ti2O7/Al2O3,
9
Sr2Nb2O7/3Y-TZP
10 and BaTiO3/ZrO2,
11 and the
energy dissipation due to the piezoelectric eﬀect and
domain wall’s motion was suggested as the main
toughening mechanism.
Spark plasma sintering (SPS) is one of the solid con-
solidation processes and is carried out in a graphite
mold but the heating is accomplished by spark dis-
charges in voids between particles.12 SPS has the
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